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(54) Two-dimensional absolute position measurement 



(57) A scale 1 and scale reader 2 are disclosed 
which may be used to determine absolute position of the 
reader with respect to the scale in two directions. In an 
embodiment of the invention a chequered pattern is pro- 



duced on a scale and blocks of the pattern may be im- 
aged on a detector 5 and decoded. The blocks contain 
bits of information which define an absolute position. 
The pattern may be used also for incremental measure- 
ment. 
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Description 

[0001] The present invention relates to the measure- 
ment of the absolute position of an object. 
[0002] A single-axis incremental position encoder is 
a device for measuring the relative movement of two ob- 
jects along one axis. Typically, a scale is attached to one 
of the objects and a read head to the other, the scale 
having regularly spaced identical markings on it. The 
read head contains a light source which illuminates the 
scale and a sensor or sensors for detecting the scale 
markings. In the simplest case, the read head provides 
outputs which allow the markings to be counted to keep 
track of position. Usually, the read head provides some 
electronic interpolation such that the effective resolution 
is higher than would be achieved by direct counting of 
the markings on the scale. In some cases, the outputs 
are analogue (often two sinusoidal in quadrature) to al- 
low electronics external to the read head to perform the 
interpolation. As such, an incremental encoder has no 
knowledge of the read head's position along the scale. 
However, a reference mark may be provided on or 
alongside the scale for this purpose. A sensor in the read 
head can detect the reference mark and this defines a 
datum position. 

[0003] Dual-axis incremental position encoders also 
exist. In the simplest case, these include two read heads 
mounted together at right angles to each other, and a 
scale with periodicity in two usually orthogonal direc- 
tions, each read head measuring incremental move- 
ment in a respective one of the two directions. In other 
cases, the two read heads are combined together e.g. 
as shown in US 5,204,524. Dual axis incremental en- 
coders work in a similar way as their single-axis coun- 
terparts, but typically produce two separate sets of out- 
puts corresponding to the two axes of movement. 
[0004] The read head of a single axis absolute encod- 
er typically runs up and down a scale with data written 
on it, often as binary bits. By reading these bits, either 
with one detector as the read head passes over the 
scale, or simultaneously with several detectors, the read 
head can determine its absolute position. This position 
is typically relayed from the read head to a control sys- 
tem by means of a serial interface. 
[0005] Hybrid incremental-absolute single-axis posi- 
tion encoders also exist. As it is possible to make incre- 
mental encoders with finer resolution than absolute en- 
coders, many absolute encoders also incorporate an in- 
cremental channel. The absolute channel gives abso- 
lute position accurate to one period of the incremental 
channel, and interpolation of the incremental channel 
gives absolute position within the period of the incre- 
mental channel to the desired fine resolution. Combined 
together, the two systems work side by side to give ab- 
solute position to the fine resolution. 
[0006] A "single-axis" encoder may read linear posi- 
tion with a straight scale, angular position, using a 
curved scale, or position along any other straight or 



curved line. A "dual-axis" encoder may read position in 
each of two usually orthogonal directions in a plane, po- 
sition on the surface of a cylinder, or position on any 
other curved or flat surface. 
5 [0007] There are at least two drawbacks with incre- 
mental encoders: 

[0008] When an incremental encoder is powered up, 
there is no way of knowing the position of its read head. 
The read head has to be moved relative to the scale to 
10 find the reference position(s). In some applications (e. 
g. linear motors) it is not possible to move the read head 
until absolute position is known. 

[0009] In the event of power failure, or if the read head 
temporarily loses the ability to read the scale, the read 
15 head's position becomes unknown. In some applica- 
tions (e.g. printed circuit board pick and place ma- 
chines), subsequent attempts to find the datum position 
may cause damage to the work or machine. 
[0010] In situations where two axes of movement 
must be measured, one solution to these problems 
would be to use two single axis absolute encoders. How- 
ever, in many applications this is not possible. Another 
drawback is that Abbe errors result from the necessary 
distance between the read heads and the point at which 
the measurement is required. In some cases, a more 
compact solution is required anyway. 
[0011] According to a first aspect of the invention 
there is provided a measurement scale comprising 
readable bits having generally constant pitch extending 
in at least one direction, for enabling measurement, 
characterised in that at least one sub-set of the bits is 
adapted to define an absolute position in the said at least 
one direction, andjn that the said measurement in- 
cludes incremental measurement. 
[0012] Advantageously the boundary of the or each 
sub-set is defined by symbols. 

[0013] Preferably the bits may be formed as a matrix 
of areas extending in two directions, each area defining 
a bit and the at least one sub-set may be a block of such 
areas for defining the absolute position in at least one 
of the said two directions. 

[0014] In one embodiment the areas form a generally 
chequered pattern and the areas of the at least one sub- 
set are distinguishable from the general pattern by 
means of a variance in the optical properties of one or 
more of the areas of the sub-set. 
[0015] Preferably the two directions mentioned may 
be two orthogonal directions. 

[0016] According to a second aspect of the invention 
there is provided a measurement scale comprising 
readable bits having generally constant pitch extending 
in two directions for enabling measurement, character- 
ised in that at least one sublet (8) of the bits is adapted 
to define an absolute position in the said two directions. 
[0017] According to a third aspect of the invention 
there is provided a system for measuring absolute po- 
sition in two directions comprising a scale as mentioned 
above and a scale reader for reading the sub-set in order 
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to determine the absolute position. 
[0018] Preferably the scale reader may be an optical 
reader having an optical detector adapted to read the 
scale optically. The detector maybe an array of photo- 
detectors and the reader may include a microlens array s 
for focusing an image of the bits of the scale onto the 
detector. 

[0019] Preferably the system includes a scale illumi- 
nator, adapted to provide a short burst of light to provide 
a substantially instantaneous image for the reader, dur- io 
ing relative movement between the scale and the scale 
reader, and the reader is adapted to read at least one 
whole sub-set of bits during relative movement. 
[0020] According to a fourth aspect of the invention 
there is provided a system for measuring absolute po- is 
sition in two directions comprising a scale and a scale 
reader relatively movable in the two directions with re- 
spect to the scale, the scale being provided with a matrix 
of bits characterised in that the matrix has different sub- 
sets of bits for defining different absolute positions in 20 
each of the two directions, the scale reader being adapt- 
ed to read the bits for deriving, from the read sub-set, 
the absolute position of the reader on the scale in the 
two directions. 

[0021 ] Preferably the matrix of bits enables incremen- 25 
tal measurement to take place. 

[0022] According to a fifth aspect of the invention 
there is provided a method for measuring absolute po- 
sition on a scale characterised by the steps of: 

30 

providing a scale comprising a matrix of bits and 
sub-sets of the bits formed as words; 
providing a scale reader having a scale image de- 
tector; 

forming an image of at least one whole word at the 35 
detector; 

capturing s the image; and, 

decoding the image to obtain an absolute position 
defined by the word. 

40 

[0023] The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which:- 

Fig. 1 shows an example of how bits for a particular 45 
sub-set may be provided on a scale; 
Fig. 2 is a schematic diagram of an example of a 
system according to the invention; and 
Fig. 3 shows another example of how bits of a par- 
ticular sub-set may be provided on a scale. so 

[0024] In the following example of an encoder a plate 
(hereinafter called "the scale") is provided, the surface 
of which is divided up into a matrix of square areas, or 
"cells". Each cell contains one bit of information. (The 55 
bits may be binary or multi-level, or represent an ana- 
logue level). The bits are capable of being read by elec- 
tronic reading apparatus (hereinafter called "the read 



head"). The bits may be read optically, magnetically, ca- 
pacitively, inductively or by any other means. 
[0025] In the case of a hybrid encoder, the values of 
the bits on the scale are arranged such that the scale 
has sufficient periodicity in two directions that the scale 
can also be read by an incremental detector. 
[0026] The values of the bits on the scale are ar- 
ranged such that by reading some sub-set of ail the bits 
on the scale, the absolute position of the read head can 
be determined in two directions (orthogonal directions 
in the present example). There are several ways in 
which the read head could read the scale. An optical 
method is present here. 

[0027] In this example, the scale is a flat sheet of glass 
with chrome deposited on it. The bits are binary and a " 
1 M is represented by a cell filled with chrome and a "0" 
is represented by an empty cell. Hence when illuminat- 
ed, a "1 " cell reflects more light than a "0" cell. The read 
head consists of a device to illuminate the scale, a lens 
(or lenses) to image the scale on to the detector and a 
charge-coupled detector (CCD) to enable several bits 
to be detected simultaneously. For simplicity, let the lens 
form a life-size image of the scale and let each bit on 
the scale be imaged on to one pixel on the CCD. (In 
practice each bit on the scale may be imaged to more 
than one CCD pixel to allow for misalignment). The re- 
adout of the CCD can then be decoded (or checked 
against a lookup table) to reveal the absolute position 
of the read head. 

[0028] One method of decoding position from the 
CCD readout will be described. The bits on the scale 
are arranged in rectangular blocks of bits, at least one 
row long ana one column wide. The bits are binary in 
this example. Each block represents one "word" of data. 
The CCD is large enough to ensure that at least one 
word is imaged on to it at any one time. The word is 
separated from the surrounding words by means of start 
and/or stop symbols which form block boundaries. For 
example, all words might be 7 bits long and 7 bits wide, 
but use the first two rows and first two columns to identify 
the start of a new word (see Fig. 1). The H 1 " and "0" bits 
are the same for each word and "X" represents a data 
bit and may be "1" or "0° and differs between different 
data words. The data bits contain the absolute position 
information. 

[0029] One possible decoding procedure is as fol- 
lows. 

[0030] An "image" is grabbed from the CCD and is fed 
into a decoding system. This system searches the im- 
age for a complete word. It does this by looking for the 
characteristic pattern of "1" " and "0" bits shown in Fig. 
1 that define the top left corner of a word. Note that this 
pattern cannot occur except at the top left comer of a 
word. Two things are now known. The first is the position 
of the word on the CCD and the second is the contents 
of the data bits in that word. The data bits contain suffi- 
cient information to identify the word uniquely. If the se- 
quence in which the words are written on the scale is 
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known, the encoder can then tell how far it is along both 
axes from one corner of the scale in multiples of a whole 
word. The position of the word on the CCD locates the 
encoder within that word to the nearest bit (in both di- 
rections), s 
[0031] Fig. 2 is a schematic representation of an en- 
coder according to the above, in which reference nu- 
meral 1 designates a scale and reference numeral 2 
designates a read head, in which there are a light source 
3 (for example a light-emissive diode) for illuminating 10 
the scale 1 , and a lens arrangement 4 for focussing an 
image of bits on to a CCD 5, reference numeral 6 des- 
ignating electronics for decoding the image on the CCD 
5. 

[0032] For a hybrid incremental-absolute encoder, it 15 
is necessary to write the bit pattern on to the scale such 
that there is sufficient periodicity for an incremental de- 
tector to be able to pick off the regularly spaced "clock 
frequency" that defines the incremental period. One 
method of doing this is presented here: 20 
[0033] The scale plate is designed as in Fig. 3 which 
shows the area of scale corresponding to one word of 
data. If the scale again is a glass plate with chrome de- 
posited on it, this pattern could be written as follows: 

25 

Leave clear glass for the clock bits. 
Write half-density chrome for "0" bits. 
Write full-density chrome for " 1 ■ bits. 

[0034] The absolute position can be read out in the 30 
same way as before, but clearly every other pixel must 
be left but of the processing. The incremental "clock fre- 
quency" is always present. Its amplitude varies with po- 
sition on the scale, but this may be compensated for. 
Therefore, an incremental detector can be used to 35 
measure position within one period of the incremental 
pattern. Usually, the read head will be required to read 
out absolute position 5 to some defined resolution (the 
"system resolution") which may be finer than one period 
of the incremental pattern. 40 
[0035] Since the absolute position can be determined 
to the nearest CCD pixel and there is at least one CCD 
pixel per scale bit, the absolute position is known to bet- 
ter than one period of the incremental pattern. Assuming 
that noise levels are low enough, the incremental detec- 45 
tor can be used to give position within one period of the 
incremental to system resolution. Taken together, the 
two can be used to give absolute position throughout 
the extent of the scale to system resolution. 
[0036] A direct-imaging (image transfer) microlens ar- so 
ray may be used to image the scale onto the CCD. This 
would reduce the overall height of the optical system 
and improve the read head-scale spacing tolerance. 
Several words of data may be imaged on to the CCD 
simultaneously. This would allow them to be checked 55 
for consistency and provide error-immunity. The data 
bits within one word may also contain some redundancy 
to allow error checking and/or correction. 



[0037] The two directions sensed by the incremental 
channel need not be the same two directions used by 
the absolute channel. For example, because the incre- 
mental channel most effectively reads lines of diamonds 
(at 45°) and pixels on CCDs tend to be square or rec- 
tangular, there may be some benefit in having the axes 
of the incremental and absolute systems set at 45° to 
one another. 

[0038] An array of photodetectors may be used in- 
stead of a CCD to improve the response speed of the 
system. 

[0039] The illumination may be provided in short 
bursts to effectively freeze the image of the scale if it is 
moving when an image is grabbed from the CCD. 
[0040] The scale could be a flat sheet (for axes which 
are, but need not be, orthogonal) or a curved surface. 
A curved surface may be "continuous" as in a cylinder 
(for angular direction and axial direction measurement), 
for example. The scale may be spherical. Whilst a CCD 
has been described in the detailed description of the em- 
bodiments it should be understood that other bit detec- 
tors could be used e.g. capacitive, magnetic, photodi- 
odes and CMOS light detectors. 



Claims 

1. A measurement scale (1) comprising readable bits 
having generally constant pitch extending in at least 
one direction, for enabling measurement, charac- 
terised in that at least one sub-set (8) of the bits is 
adapted to define an absolute position in the said 
at least one direction, and in that the said measure- 
ment includes incremental measurement. 

2. A measurement scale as claimed in claim 1 wherein 
the boundary of the or each sub-set is defined by 
symbols. 

3. A measurement scale as claimed in claim 1 or 2 
wherein the bits are formed as a matrix of areas ex- 
tending in two directions each area defining a bit, 
and the at least one sub-set is a block of such areas 
for defining the absolute position in at least one of 
the said two directions. 

4. A measurement scale as claimed in claim 3 wherein 
the areas form a generally chequered pattern and 
the areas of the at least one sub-set are distinguish- 
able from the general pattern by means of a vari- 
ance in the optical properties of one or more of the 
areas of the sub-set. 

5. A measurement scale as claimed in claim 4 wherein 
the two directions are two orthogonal directions. 

6. A measurement scale (1) comprising readable bits 
having generally constant pitch extending in two di- 
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rections for enabling measurement, characterised 
in that at least one sub-set (8) of the bits is adapted 
to define an absolute position in the said two direc- 
tions. 

7. A system for measuring absolute position in two di- 
rections comprising a scale as claimed in any one 
of claims 1-5 or claim 6 and a scale reader (2) for 
reading the sub-set in order to determine the abso- 
lute position. 

8. A system for measuring absolute position in two di- 
rections as claimed in claim 7 wherein the scale 
reader (2) is an optical reader having an optical de- 
tector (5) adapted to read the scale (1) optically. 

9. A system for measuring absolute position in two di- 
rections as claimed in claim 8 wherein the detector 
(5) is an array of photodetectors. 

10. A system for measuring absolute position in two di- 
rections as claimed in claim 7,8 or 9 wherein the 
reader includes a microlens array (4) for focusing 
an image of the bits of the scale onto the detector. 

11. A system for measuring absolute position in two di- 
rections as claimed in any one of claims 7 to 10 
wherein the system includes a scale illuminator (3). 

12. A system for measuring absolute position in two di- 
rections as claimed in claim 11 wherein the illumi- 
nator (3) is adapted to provide a short burst of light 
to provide a substantially instantaneous image for 
the reader, during relative movement between the 
scale (1) and the scale reader (2). 

13. A system {or measuring absolute position in two di- 
rections as claimed in any one of claims 7 to 12 
wherein the reader is adapted to read at least one 
whole sub-set of bits during the relative movement. 

14. A system for measuring absolute position in two di- 
rections comprising a scale (1) and a scale reader 
(2) relatively movable in the two directions with re- 
spect to the scale, the scale being provided with a 
matrix of bits characterised in that the matrix has 
different sub-sets of bits for defining different abso- 
lute positions in each of the two directions and the 
scale reader being adapted to read the bits for de- 
riving, from the read sub-set, the absolute position 
of the reader on the scale in the two directions. 

1 5. A system for measuring absolute position in two di- 
rections as claimed in claim 14 wherein the matrix 
of bits enables incremental measurement to take 
place. 

16. A method for measuring absolute position on a 



scale characterised by the steps of: 

providing a scale (1) comprising a matrix of bits 
and sub-sets of the bits formed as words; 
5 providing a scale reader (2) having a scale im- 

age detector (5); 

forming an image of at least one whole word at 
the detector; 
capturing the image; and 
w » decoding the image to obtain an absolute posi- 
tion defined by the word. 
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